The lipid composition of the human lens is distinct from most other tissues in that it is high in dihydrosphingomyelin and the most abundant glycerophospholipids in the lens are unusual 1-O-alkyl-ether linked phosphatidylethanolamines and phosphatidylserines. In this study, desorption electrospray ionization (DESI) mass spectrometry-imaging was used to determine the distribution of these lipids in the human lens along with other lipids including, ceramides, ceramide-1-phosphates, and lyso 1-O-alkyl ethers. To achieve this, 25 m lens slices were mounted onto glass slides and analyzed using a linear ion-trap mass spectrometer equipped with a custom-built, 2-D automated DESI source. In contrast to other tissues that have been previously analyzed by DESI, the presence of a strong acid in the spray solvent was required to desorb lipids directly from lens tissue. Distinctive distributions were observed for [M ϩ H] ϩ ions arising from each lipid class. Of particular interest were ionized 1-O-alkyl phosphatidylethanolamines and phosphatidylserines, PE (18:1e/18:1), and PS (18:1e/18:1), which were found in a thin ring in the outermost region of the lens. This distribution was confirmed by quantitative analysis of lenses that were sectioned into four distinct regions (outer, barrier, inner, and core), extracted and analyzed by electrospray ionization tandem mass spectrometry. DESI-imaging also revealed a complementary distribution for the structurally-related lyso 1-O-alkyl phosphatidylethanolamine, LPE (18:1e), which was localized closer to the centre of the lens. The data obtained in this study indicate that DESI-imaging is a powerful tool for determining the spatial distribution of human lens lipids. (J Am Soc Mass Spectrom 2010, 21, 2095-2104
T he lens consists of concentric layers of crescent shaped fiber cells resulting in a tightly packed arrangement of cell membranes in which the major components are integral membrane proteins, phospholipids and cholesterol (Chol) [1] . The phospholipid composition of the human lens differs from that of other animals in that it is unusually high in dihydrosphingomyelin (DHSM) [2, 3] . Recent work has shown that human lenses are also abundant in etherlinked phospholipids, in particular 1-O-alkyl phosphatidylethanolamine (PE) and phosphatidylserine (PS) [3, 4] . DHSMs represent more than 40% of all human lens phospholipids [5, 6] , while PE and PS lipids represent 15% and 8%, respectively, with 1-O-alkyl lipids making up more than half of the total contribution from each of the latter two classes [3] . In an effort to understand the function of these ether-linked phospholipids, we have initiated a study on their distribution throughout the lens using mass spectrometry imaging.
Matrix-assisted laser desorption ionization (MALDI) is a well established technique for the analysis of individual molecular lipids from complex biological mixtures including lens tissue typically obtained from model animals [7, 8] . The development of MALDIimaging has also allowed the spatial distributions of lipids within biological tissue to be investigated [9] including imaging of porcine [10] and human lens lipids [11] . In the latter study, Deeley et al. imaged the distributions of the two most abundant lens lipids, SM (d18:0/16:0) and SM (d18:0/24:1), as well as the corresponding ceramides in human lenses of different ages [11] . An annular distribution of the DHSM lipids was observed in the outer regions of the lens and this effect became more pronounced with age. Interestingly, related ceramides were primarily found in the nucleus and were absent from younger lenses suggesting a possible product-precursor relationship exists between the DHSMs and their ceramide homologues [11] . In addition to lipid-imaging, several studies have utilized MALDI-imaging for visualizing the distribution of ocular proteins, including Aquaporin-0 and ␣-crystallin as well as their truncation products [12] [13] [14] [15] .
Although a very useful technique, MALDI analysis of lipids from biological samples suffers two disadvantages: (1) along with introducing an additional sample preparation step, the application of the matrix must be done so as to result in a homogeneous distribution to minimize any "sweet spot" effects (it should be noted that application of the matrix by sublimation can ameliorate this effect [16] ), and (2) in positive ion mode the mass spectra are dominated by the choline-containing lipids (phosphatidylcholine and sphingomyelin) making the detection of other less abundant lipids such as PE and PS difficult [8] . Murphy et al. have also suggested that rapid decomposition of [M ϩ H] ϩ ions of acidic phospholipids such as PE and PS further complicates the detection of these lipid classes [9] .
Desorption electrospray ionization (DESI) is an alternative surface desorption and ionization approach developed in one of our laboratories in 2004 that allows the soft ionization of analytes direct from substrates (including tissue sections) with minimal sample preparation [17, 18] . The ability to raster across a sample whilst continuously acquiring mass spectra has led to the development of DESI as an ambient mass spectrometric imaging technique [19] . While the spatial resolution of DESI (ϳ200 m [19] ) is lower than that of MALDI (50 -100 m [9, 11] ), DESI requires no matrix thus minimizing the possibility of inhomogeneity arising from sample preparation. DESI has also been shown to be effective for the detection of a wide range of lipid classes [20 -22] making it ideal for lipid-imaging applications (see discussion in reference [23] ). DESI-imaging has previously been demonstrated for determining the spatial distributions of lipids from a variety of tissue types including rat brain [19] , porcine and rabbit adrenal glands [24] , tumor/non tumor regions of dog bladder tissue [20] , as well as drug localization of pre-dosed clozapine in rat brain [25, 26] . The work presented here demonstrates the first application of DESI-imaging to the human lens and reveals the localization of several abundant lens lipids.
Experimental

Materials
Human lens sections were sourced from the Sydney Lions Eye Bank, (Sydney, NSW, Australia). All work was approved by the human research ethics committees at the University of Wollongong (HE 99/001) and University of Sydney (#7292). Lenses were sliced as coronal sections (i.e.; a vertical plane from head to foot and parallel to the shoulders) using a cryostat (Leica 1720, Wetzlar, Hesse, Germany) at Ϫ20°C at a thickness of ca. 25 m and thaw-mounted onto glass slides. Note that coronal sections would be expected to give a near circular slice however when analyzed the slices had an oval shape due to slight compression during slicing. All phospholipid internal standards were purchased from Avanti Polar Lipids (Alabaster, AL, USA). Cholesterol standard was obtained from purchased from Sigma Aldrich (Castle Hill, NSW, Australia). Methanol (HPLC grade), chloroform (HPLC grade) and acetic acid (AR grade) were used for lipid extraction and were all purchased from Crown Scientific (Sydney, NSW, Australia). Methanol (HPLC grade; Mallinckrodt Baker Inc., Phillipsburg, NJ, USA), Milli-Q water (Millipore, Billerica, MA, USA) and hydrochloric acid (33%, J. T. Baker, Phillipsburg, NJ, USA) were used for DESI spray solutions.
Desorption Electrospray Ionization Mass Spectrometry (DESI-MS)
DESI-MS was performed on a ThermoFinnigan LTQ mass spectrometer (ThermoScientific, San Jose, CA) coupled to a custom built, 2-D automated DESI source as described elsewhere [27] . The solvent was delivered through a fused silica inner capillary (i. The optimized DESI source geometry used an incident emitter-surface angle of 55°, a collection angle (sampleinlet angle) of ϳ10°and a short emitter-sample distance of 1-2 mm. The spray voltage was set to 5 kV, tube lens and capillary voltages were 110 and 5 V, respectively, and the capillary was heated to 275°C. The ion injection time was 450 ms, while 2 microscans were summed for each spectrum, giving an acquisition time of 1.02 s. Automatic gain control (AGC) was turned off for all experiments. General CID conditions utilized a collision energy of 25-30 (arbitrary units) and an isolation width of 1.5 Da. Exact mass measurements were performed on a hybrid LTQ-Orbitrap (ThermoScientific, San Jose, CA) operating at a mass resolution of 100,000. The LTQOrbitrap was fitted with an identical DESI source and the lens slice was analyzed as previously described with the exception that a standard PC (16:0/18:0) was doped into the spray solution at a concentration of 0. 5 
Image Acquisition
Lens slices were mounted on glass slides and placed on the sample stage, which was moved at a constant velocity of 196 m.s Each line scan was acquired as a separate file. Once the whole lens had been analyzed, in-house software was used to convert Xcalibur mass spectral files into the required format for image generation in BioMap (freeware, http://www.maldi.msi.org/). The maximum and minimum threshold intensities were then adjusted to improve the contrast in the ion images.
Lipid Extraction
Whole lenses (from 52-y and 75-y-old individuals) were sectioned into outer, barrier, inner, and core regions by the methods previously described by Heys et al. [28] and then placed in pre-weighed vials. The dimensions used to define each region are shown in Figure 1 . Lens sections were homogenized by first freezing the lens in liquid nitrogen (10 -20 mL) in a mortar and then pulverizing the tissue. A mixture of internal standards in methanol consisting of 40 M PC (19:0/19:0), 40 M SM (d18:0/12:0) and 25 M PE (17:0/17:0) was then added to the pulverized tissue at 1400 L.g -1 (tissue). Lipids were extracted from lens section homogenates using a modified Folch method [29] with aqueous acetic acid substituted for aqueous sodium chloride. In brief, chloroform:methanol (2:1 vol/vol) containing 0.01% wt/vol butylated hydroxytoluene (BHT) as an antioxidant was added to the lens section homogenates at a ratio of 20:1 solvent to tissue weight (vol:wt) and the homogenates rotated overnight at 4°C. Aqueous acetic acid (20 mM) was then added at a ratio of 8:4:3 chloroform:methanol:acetic acid (20 mM) and the samples centrifuged at 2000 g for 5 min. The organic layer was retained and 2:1 chloroform:methanol (2 mL) added to the aqueous phase and the process repeated. The combined organic extracts were washed with aqueous acetic acid (1 mL, 20 mM). The organic layer was retained and then evaporated to dryness under a stream of nitrogen. Finally, samples were reconstituted in 500 -1000 L of chloroform:methanol (1:2 vol/vol) and stored at Ϫ80°C until analysis.
Quantitation of 1-O-Alkyl PE by Electrospray Ionization Mass Spectrometry (ESI-MS)
Lipid extracts were diluted to an estimated final concentration of 40 M using chloroform:methanol (1:2 vol/vol) then analyzed in positive ion mode using a Waters QuattroMicro triple quadrupole mass spectrometer (Waters, Manchester, UK) with a z-spray ion source. Typical instrument settings were a flow rate of 10 L.min -1 , capillary voltage of 3 kV, source temperature of 80°C, desolvation temperature of 120°C, and a cone voltage of 50 V. Nitrogen was used as the drying gas at a flow rate of 320 L.h -1 . All lipids with the phosphoethanolamine head group were identified and quantified by a neutral loss scan of 141 Da as described previously [3] .
Results and Discussion
Lens Lipids Detected by DESI-MS
Throughout the investigation, the composition of the spray solution was found to be the most critical parameter to allow the detection of lipids direct from lens tissue by DESI-MS. It was found that a spray solvent consisting of 4:1 methanol:water (vol/vol) ϩ 0.05% (wt/vol) hydrochloric acid allowed the detection of a wide range of lens lipids. Weaker acids including acetic, formic and trifluoroacetic acid were also used, however these resulted in very little or no detection of ionized lipids. The necessity of a strong acid in the spray solution is surprising as previous DESI-imaging data performed on a variety of other tissue types have allowed the detection of lipids in both positive and negative mode using simple methanol/water or acetonitrile/water mixtures with no doping of acids required [20, 24, 30, 31] . The need for a relatively harsh spray composition for the human lens may be a consequence of the tightly compacted structure of the fiber cells and their relatively high protein content compared to other tissue types. For comparison, human lenses can have protein-to-lipid ratios as high as 5.0 (depending on the region of the lens sampled and the age of the individual) [32] , while rat brain has a ratio of only ca. 2.14 [33] . The latter tissue has previously been analyzed by DESI-MS using simple methanol:water mixtures for the spray solvent [19] . Additionally, the tight interaction between membrane lipids and proteins in the human lens has been observed in the crystal structure of lens specific Aquaporin-0 and may further rationalize the difficulties in desorbing lipids from this tissue [34] . It is interesting to note that lipids were only detected from lens tissue when the DESI spray was observed to physically disrupt the structure of the tissue section during analysis. Fewer ions were detected from the innermost (core) region of the lens. It is not clear if this is an accurate representation of the abundance of lipids in this region or an artifact of the DESI process whereby the relatively soft DESI technique is unable to desorb lipids from the centre of the lens where there is a higher protein concentration [35] . Nevertheless, similar results have been obtained for specific lipids using MALDIimaging and quantitative analysis of human lens sections [11] . This prompted us to undertake a parallel quantitative investigation (see later). ϩ ion of cholesterol based on (1) prior observation which shows that cholesterol is an abundant component of the human lens [3] and (2) the previous observation of dehydrated cholesterol in MALDI studies of tissue sections [9] . The m/z 369 ion was only observed with hydrochloric acid doped into the spray solution suggesting the presence of the strong acid assists in the dehydration process. Figure 2 shows CID spectra of the m/z 369 ion observed from the lens and that generated by DESI from a cholesterol standard. There is excellent . It is also possible that the m/z 369 ion could arise from decomposition of the ester moiety of a cholesterol esters via cis-elimination [36] . Such processes however, normally require high temperatures and thus are unlikely to be significant under the conditions of this analysis. Direct in situ analysis of intact cholesterol by DESI-MS has previously been achieved using the "reactive DESI" technique whereby betaine aldehyde is doped into the spray [22] . This reagent could not be applied here as it is unstable under the spray conditions required for lens analysis.
The ions at m/z 705 and 815 ( Figure 1 ) have nominal masses that correspond to the protonated forms of SM (d18:0/16:0) and SM (d18:0/24:1), respectively. As these are the two most abundant phospholipids in the human lens, the peaks at m/z 705 and 815 are assigned to these two dihydrosphingomyelins [3, 37] . Collision induced dissociation (CID) of these two ions did not yield any structural information, as the characteristic ion at m/z 184 that is usually used to identify protonated sphingomyelins and phosphatidylcholines is below the low mass cut-off of the LTQ ion trap mass spectrometer under the operating conditions used. The ion at m/z 730 has the same nominal mass as the protonated 1-O-alkyllinked phospholipid, PE (18:1e/18:1), previously identified as the most abundant glycerophospholipid in the human lens [4] . CID of this ion produced a fragment ion at m/z 589 corresponding to the neutral loss of the phosphoethanolamine headgroup (141 Da, data not shown), thus the m/z 730 ion is assigned as protonated PE (18:1e/18:1). The ions at m/z 440 and 466 are assigned as the protonated lyso phospholipid analogues of the 1-O-alkyl PE, namely LPE (16:0e) and LPE (18:1e) respectively, based on their nominal masses and their previous observation in human lens tissue [37] . Table 1 shows the results of exact mass measurements for the most abundant DHSMs, PCs and 1-Oalkyl PEs acquired by DESI-MS analysis from a lens section on a hybrid LTQ-Orbitrap instrument (ion transmission on the LTQ-Orbitrap was tuned to the critical m/z 700 -850 region and consequently low mass lipids were not observed). The exact mass measurements are in excellent agreement with the assigned structures of the abundant lens phospholipids providing further evidence that the m/z 705, 730, and 815 ions arise from the assigned lipids. While exact mass measurements do not distinguish between isomeric lipids, previous work by some of us has included detailed structure elucidation of human lens lipids and thus we are confident in the assigned structures [4, 38] .
Further analysis of the exact mass data showed the presence of an ion isobaric with [PE (18: ϩ at m/z 620 is already relatively low and this lipid is expected to be more abundant than its longer chain homologue, Cer1P (d18:0/24:1) based on the trend observed for the structural homologues DHSM, ceramides, and lactosylceramides (see later).
The ions at m/z 540 and 650 in Figure 1 [11, 37] . In addition, two low abundance ions are observed at m/z 864 and 974 (Figure 1 ). These two ions are separated by 110 Da, which coincides with the mass difference between a 16:0 and 24:1 fatty amide, and are consistent with protonated glycosphingolipids containing a sphinganine backbone and either a 16:0 or 24:1 fatty amide. These two lipids are tentatively assigned as the lactosyldihydroceramides, LacCer (d18:0/16:0) and LacCer (d18:0/24:1), as they have previously been reported as the two most abundant glycosphingolipids in the human lens [39, 40] . Table 2 shows all lens lipids detected by DESI-MS where the assignment is based on previous lens lipid identification studies [3, 4, 37, 39, 40] and, where possible, confirmed by CID and exact mass measurements. Compared with a recent study of human lens phospholipids and sphingolipids using shotgun lipodomics [3] , ca. 50% of lipids with concentrations greater than 20 nmol/g wet tissue were detected and confidently assigned in our positive ion DESI-MS analysis. In all cases, the most abundant lipid from each class has been detected. In addition, DESI was able to detect a range of other lipids including cholesterol, ceramide, ceramide-1-phosphates, glycolipids and lyso 1-O-alkyl phosphatidylethanolamines as [M ϩ H] ϩ ions thus giving a comprehensive overview of the lens tissue lipodome in a single analysis. In contrast, direct MALDI analysis of human lenses by Deeley et al. [11] revealed only the presence of several abundant sphingomyelins, the corresponding ceramides and dehydrated cholesterol, while in another study direct MALDI analysis of porcine lenses revealed only sphingomyelins and 2 ceramide-1-phosphates [10] . Furthermore under the DESI conditions used in this investigation, all lipids with the exception of cholesterol were observed as [M ϩ H] ϩ ions unlike the previous direct tissue MALDI investigations [10, 11] . The co-localization of these two lipids could arise from the inter-conversion between the two in vivo. Biologically it is possible to synthesize PE via decarboxylation of PS, while PS lipids can be synthesized by the action of phosphatidylserine synthase II on PE [41] . All other low abundance 1-O-alkyl PE and PS lipids between m/z 730 -800 were also observed to have a distribution identical to that of PE (18:1e/18:1). Cholesterol (observed as the dehydrated form) was the most abundant lipid detected from the lens tissue and appears to be distributed homogenously throughout the lens with the exception of lower signal observed in the inner-most region. It is also possible that this is an artifact of the DESI process due to inefficient desorption of lipids from this region. To investigate this possibility, MALDI data acquired for a previous study [11] was re-analyzed and the distribution of m/z 369 was found to be consistent with that in Figure 3d (data not shown) . The congruence of these two independent desorption/ionization approaches provides strong evidence for the Confirmed by CID. c Confirmed by exact mass measurements.
DESI-Imaging of Lens Lipids
conclusion that there exists a lower concentration of cholesterol in the lens centre. This is further supported by lens sectioning studies [42] that indicate this decrease is also accompanied by an increase in the cholesterol-to-phospholipid ratio [42, 43] consistent with the DESI-based observation of decreased phospholipid abundances in the lens centre.
Analysis of the DESI mass spectra shows a broad distribution of noise in the m/z 450 -700 range when the spray solution came in contact with the glass slide (see Figure 1d and Figure 4a ). The intensity of this noise was similar to that of the signal arising from ionized ceramides, ceramide-1-phosphates and lyso phosphatidylethanolamines observed in this mass range. This broad noise feature complicates the image by showing apparent ion intensity when analyzing regions away from the lens tissue as observed in the DESI images for [Cer1P (d18:0/16:
ϩ (see Figure 3c , g, and h). The occurrence of this broad distribution of noise was encountered throughout the investigation and the exact origin is unknown although it appears to be an artifact caused by the addition of acid. When methanol:water mixtures not containing acid were used the noise was not present, however this also resulted in very few, if any, lipids being detected. The noise was also only present when the spray was positioned off the lens tissue, i.e.; on the glass slide, leading us to believe the noise was due to an interaction between the acid and the glass slide. The noise could be reduced by increasing the tube lens voltage, however this also significantly decreased lipid ion abundances. Figure 4 shows spectra in the m/z 400 -550 range plotted on absolute intensity scales obtained from (a) a single line scan when the spray was positioned on the glass slide adjacent to the lens and (b) on the lens tissue itself. These data clearly show that when positioned away from the lens there was no detection of m/z 440, 466, 538 and 540 (see Table  2 for peak assignments), however, the broad distribution of noise in this range resulted in false detection when creating distribution images for these ions. When positioned on the lens tissue, distinct ions were observed and the background noise was significantly reduced. Therefore, any signal observed outside of the lens tissue can be ignored. Accordingly, distinct distributions are observed for protonated Cer (d18:0/16:0) and Cer1P (d18:0/16:0) in Figure 3. [Cer (d18:0/16:0) ϩ H] ϩ is observed to be concentrated in the nucleus (core region) of the lens, consistent with previous MALDIimaging data [11] . An identical distribution is also observed for the protonated forms of Cer (d18:0/24:1), Cer (d18:1/16:0) and Cer (d18:1/24:1) (data not shown). The observed ceramides have the same sphingosine/ sphinganine base and fatty amide structures as the corresponding sphingomyelins. This suggests the ceramides could be produced via hydrolysis of the SM headgroups, however if this is the case the mechanism by which the ceramides appear in the centre of the lens is as yet unknown. The related ceramide-1-phosphates differ from ceramides by the presence of a phosphate headgroup. The localization of [Cer1P (d18:0/16:0) ϩ H] ϩ is shown in Figure 3c and reveals an annular distribution with the regions of highest abundances observed at the transition from the inner to the outer portions of the lens. Low ion counts from this lipid were measured in the lens center, which stands in contrast to the distribution of the related ceramide, [Cer (d18:0/16:0) ϩ H] ϩ (Figure 3g ). While the distribution of [Cer1P (Figure 3a) , the former appears to be distributed slightly closer to the nucleus while the latter displays maximum ion abundances further from the lens center. Distributions of the other protonated ceramide-1-phosphates detected in this study, namely Cer1P (d18:1/ 16:0) and Cer1P (d18:1/24:1) (data not shown) were found to be similar to that of [Cer1P (d18:0/16:0) ϩ H] [3] , could also produce LPE (18:1e). The distinct distribution of LPE (18:1e) with respect to its most abundant progenitor PE (18:1e/18:1) excludes the possibility that acid hydrolysis is occurring during the DESI process (see Figure 4) . This leaves open the possibility of conversion occurring in vivo either by enzymatic or chemical pathways.
Regional Quantification of PE (18:1e/18:1)
A general limitation of mass spectrometric imaging techniques is the question of whether the generated image for the ionized species is representative of the molecular distributions in the sample. This question arises due to the occurrence of ion suppression effects as well as sample variability such as changes in the height profile and tissue composition that may affect the detection of analytes from different areas of a tissue section [9, 44] . Thus, the observed ion abundance may not necessarily reflect the absolute amount of a particular lipid in a given area but rather the ease with which it can be desorbed from the tissue [9] . In this study, DESI-images of the [M ϩ H] ϩ ion arising from PE (18:1e/18:1) suggest an annular distribution of the lipid within the outer regions of the lens. This image was observed for lens sections from a 41 y-old individual ( Figure 3b ) and was found to be reproducible in lens sections from both younger and older individuals (example images from 28, 50 and 55 y-old individuals are provided as Supporting Information). To determine whether the observed distribution of the m/z 730 ion assigned to [PE (18:1e/18:1) ϩ H] ϩ is representative of the distribution of the lipid in the lens, two additional lenses from 52-and 75-y-old individuals were dissected into outer, barrier, inner, and core sections and the lipids extracted and quantified by ESI-MS. 
Conclusions
DESI has previously been reported as an effective method for the analysis and imaging of lipids directly from tissue [19, 20, 24] . In the present study, we have applied this technique to the analysis of human lens lipids and made several interesting discoveries. Unlike other tissues previously analyzed by DESI, lipids could not be desorbed from lens slices without the presence of a strong acid in the spray solution. As mentioned above, this may be due to the tightly-packed laminae of fiber cells, their high protein content, and/or the strength of protein-lipid interactions within cellular membranes. Importantly, the most abundant lipids identified in the current DESI analysis, e.g.; cholesterol, DHSM, and 1-O-alkyl linked PEs, are consistent with previous studies using various MS and NMR techniques [3, 4, 37, 45] . There is also strong agreement between the distribution of [PE (18:1e/18:1) ϩ H] ϩ ions obtained from direct DESI analysis and the quantitative measurements obtained from dissection and extraction experiments (see Figure 5) . Moreover, the distribution of [SM (d18:0/ 16:0) ϩ H] ϩ and [Cer (d18:0/16:0) ϩ H] ϩ ions observed in the current study agree with previous findings from MALDI-imaging [11] . When taken in concert, these findings suggest that ion distributions obtained by DESI analysis of lens slices are representative of lipid abundance and distribution in the human lens. In contrast to MALDI, which requires the deposition of different matrices to detect different lipid classes, DESI provides the advantage of being able to detect all major lens lipids in a single scan.
In applying DESI-imaging to the human lens, we were able to provide the first spatial distribution analysis of PE (18:1e/18:1): the most abundant glycerophospholipid in the human lens. Interestingly, this and other 1-O-alkyl ether lipids were found to exist predominantly in the outer, metabolically active region of the lens, while lyso 1-O-alkyl species were observed primarily in the adjacent inner region. This suggests that 1-O-alkyl ether lipids are actively synthesized in the epithelium and emerging fiber cells and that the esterlinked fatty acid is cleaved or hydrolyzed as fiber cells mature. It should be noted that the composition and distribution of human lens lipids is altered dramatically with age [11, 46] and that the lipid distributions observed in the current study may differ from those obtained from lenses of different ages. Indeed, DESIimages obtained in this study for lens sections from 28 and 50 and 55 y-old individuals (Supporting Information) suggest greater abundances of [Cer (d18:0/16:0) ϩ H] ϩ ions arising from the inner region of the lens with increasing age. The preliminary observation of such age-related trends by MALDI-and now DESI-based imaging provides a clear motivation for future quantitative studies of these effects. Figure 1 ).
